Introduction
Type 1 diabetes mellitus is an autoimmune disease characterized by an injury to β cells of the pancreas which are responsible for insulin production. Currently, it is one of the most common chronic diseases occurring in children and adolescents. 1 The process of the treatment of type 1 diabetes involves daily administration of insulin, monitoring glycemia and caring for appropriate quality of the diet. 2 Numerous patients suffering from type 1 diabetes find it difficult to achieve proper control of glycemia. 2, 3 Therefore, education, also nutrition education, is an essential element of the treatment of the disease. 4, 5 It needs to be emphasized that effectively conducted nutrition education combined with other components of the treatment may contribute to an improvement in clinical and metabolic parameters. 5 Moreover, apart from parents and caregivers, children should also be involved in the educational process, so as to be able to control the disease independently in the future. 6 However, educating children and adolescents requires particular attention. 7 Methods employed during training should be trainee oriented, interactive, motivating and practical. The topics tackled should be interesting, useful and understandable. Education should focus on solving specific problems. 8 It is also recommended to employ modern tools (such as mobile applications) during training in order to improve diabetes control. 4 Seemingly, the implementation of informative methods of education only, based on one-way lecture, has low effectiveness.
The aim of the present study was to verify the effectiveness of two different methods of nutrition education and a comparison of their influence on selected clinical parameters, knowledge about nutrition and the quality of the diet in adolescent patients with type 1 diabetes.
Materials and Methods Material
The study group included children and adolescents aged 8-17 years with at least 1-year history of type 1 diabetes, treated with the use of insulin pumps, with no concomitant chronic diseases (especially whose which require dietary modifications). The exclusion criteria were as follows: a diagnosis of a different type of diabetes, the presence of concomitant chronic diseases (eg, celiac disease), a history of the disease shorter than a year and treatment with multiple injections with insulin pens.
Ethics Statement
A noninvasive interventional randomized single-blind study was conducted. The study was performed between October 2017 and April 2019 at the Children's Teaching Hospital in Warsaw. The study design was accepted by the Bioethics Committee of the Medical University of Warsaw (approval no AKBE/188/17 issued on the 10th of October 2017). All the procedures were consistent with ethical standards and the Declaration of Helsinki as of 1964, as amended. Prior to the study, all the participants and their parents or legal guardians expressed oral consent to participate in the study. This form of consent was acceptable and approved by the Bioethics Committee of the Medical University of Warsaw.
Methods
All the data were collected throughout patient hospitalizations at the Department of Pediatric Diabetology or during follow-up visits at the hospital Diabetology Clinic. Sociodemographic data and key information about the disease, treatment methods, control of glycemia and the frequency of hypo-and hyperglycemia episodes were collected during individual history taking. The remaining essential clinical data, including the results of anthropometric measurements (body weight and height, waist circumference), blood pressure and the concentration of glycated hemoglobin (HbA1c), were completed basing on the history of the present illness records of the patients. According to the recommendations of the International Society for Pediatric and Adolescent Diabetes (ISPAD), normal reference values for glycemia should be: 70-130 mg/dL before meals, 90-180 mg/dL postprandially and 80-140 mg/dL at bedtime. The target level of HbA1c for children, adolescents and adults younger than 25 for whom comprehensive care is available should be <7.0%. 9 Basing on the obtained data, each patient had the body mass index (BMI) value calculated according to the formula: BMI = body weight [kg]/body height [m] 2 . The obtained values were interpreted with growth charts for BMI for girls and boys in the Polish population according to ranges specified by the authors. The results were standardized by determining the standard deviation score-body mass index (SDS-BMI) using the following formula: (raw score of the patientaverage BMI for the specific age and gender)/standard deviation. 10 The values of blood pressure were also interpreted with growth charts for girls and boys in the Polish population. 11 Systolic and/or diastolic pressure ≥95th centile for the age, gender and height was assumed to be abnormal. 12 Moreover, the results were standardized by determining standard deviation score-systolic blood pressure (SDS-SBP) and standard deviation score-diastolic blood pressure (SDS-DBP) with the following formulae: (raw score of the patientaverage SBP or DBP for the specific age and gender)/standard deviation. 11 The value of waist to height ratio (WHtR) was calculated basing on the formula: waist circumference [cm]/body height [cm] . WHtR index has a universal cutoff point of 0.5 regardless of gender, age and ethnicity. Values ≥0.5 indicate an increased metabolic risk. 13 Two questionnaires were used in the study. They were completed by the patients during individual history taking sessions. A modified version of the KomPAN questionnaire was used to verify dietary habits and the quality of the diet. 14 Two indices ("index of healthy diet" and "index of unhealthy diet") comprising products (or groups of products) which were potentially recommended or nonrecommended for patients with type 1 diabetes were developed on the basis of the present authors' version of the questionnaire. Index values were presented on the scale from 0 to 100, with higher results indicating a more marked consumption of a specific category of products. 15 The assessment of knowledge concerning the rules of proper nutrition in type 1 diabetes was performed with the use of a modified version of Nutrition Knowledge Survey (NKS). 16 The introduction of necessary changes resulted from the differences present in education (eg, using the system of carbohydrate exchanges and not grams of carbohydrates) and different dietary habits of children in the Polish population. The present authors' questionnaire included 33 closed-ended single-answer questions. We assessed the scores obtained in the whole questionnaire and in its individual subscales. The scoring was as follows: the whole questionnaire (from 0 to 37), including "Healthful eating" section (from 0 to 22) , "Blood glucose response to food" section (from 0 to 4), "Carbohydrate counting" section (from 0 to 4) and "Nutrition label reading" section (from 0 to 7). Higher results should be interpreted as better knowledge about issues regarding nutrition.
Study Design
The patients were randomly assigned to two groups using 1:1 technique. Simple randomization was used with a list of random numbers generated by computer software. In this way, two groups were distinguished: a control group (C) in which the patients were educated with the use of informative methods (lecture) and an experimental group (E) in which interactive methods were additionally applied (quiz + multimedia application). The patients were assigned to the groups by the trainer. However, they were not informed which group they joined. A detailed course of the individual stages of the study is presented in Table 1 .
During the study, each patient participated in a training conducted during the hospitalization by a properly prepared dietician. Educating patients in the control group was conducted in the form of a 30-min lecture concerning the rules of proper nutrition in diabetes and counting carbohydrate exchanges (CE) and protein-fat exchanges (PFE). The lecture was also presented to the experimental group. Subsequently, practical issues became the focus. The present authors' "true-false" quiz was used during the training. It included such elements as examples of correctly or incorrectly balanced meals, labels of healthy and unhealthy foods and photos of products and dishes in which the exchanges were to be calculated. Moreover, we used food packaging and VitaScale multimedia application which helps to calculate exchanges basing on data provided on food labels and includes an embedded database of products and dishes. 17 After completing the training, each patient could download the application free of charge for personal use. The duration of the interactive part was DovePress about 60 mins. A detailed scenario of conducted nutrition education is presented in the "Supplementary data" section ( Figure S1 and Table S1 ).
Primary and Secondary Outcomes
The concentration of HbA1c was the primary outcome. The secondary outcomes were: the values of SDS-BMI, SDS-SBP, SDS-DBP and the scores obtained in NKS and the indices of healthy and unhealthy diet. Sample size was estimated based on the primary outcome. The study was designed with 85% power to detect medium (0.50) effect size for the difference in HbA1c between the experimental and control groups at 6 months. Power calculations were based on a sample size of 146 participants completing the study with a 2-sided significance level of 0.05. Sample size was calculated using G*Power version 3.1.9.2 (Universität Kiel, Germany). 18 
Statistical Analyses
Differences between baseline characteristics of patients from group C and E were examined using a t-test, Fisher's or Fisher-Freeman-Halton exact test, as appropriate. Descriptive statistics for all intergroup outcome measures are presented as mean (M) and standard deviation (SD). For nonmetric variables, data were shown using number (N) and frequency (%).
Treatment effects were examined using matched-pairs t-test and mixed-design analysis of variance and presented together with their 95% confidence intervals. For nonmetric variables, the treatment effect was estimated using the McNemar's test and Cochran-Mantel-Haenszel test and presented together with their 95% confidence intervals for odds ratio (OR).
Data were analyzed using STATISTICA version 13.3 (Tibco Software Inc., Palo Alto, CA, USA). P-value lower than 0.05 was considered to indicate statistical significance.
Results

Patient Characteristics
The study included 196 patients who were randomly assigned to two groups: C (informative methods of education) and E (informative and interactive methods of education). However, only 189 of them received allocated intervention. A total of 38 persons were excluded during the subsequent stages of the study. There was no significant difference in the number of "lost to follow up" after 3 and 6 months between groups C and E. Finally, data of 151 patients were analyzed ( Figure 1 ).
Initially, no statistically significant intergroup differences were noted as regards the majority of variables. However, it was noted that patients from group E were characterized by a significantly higher concentration of HbA1c and a higher mean score in one section of NKS -"Healthful eating" (Table 2) . Moreover, a significant difference was observed as regards the structure of sex in both groups. There was a majority of girls in group E, while in group C the number of girls and boys was similar ( Table 3) .
Changes from Baseline to 3 Months
During the second stage of the study, we assessed changes compared to baseline values and differences between groups as regards HbA1c concentrations, values of BMI and blood pressure.
No statistically significant changes were noted for HbA1c concentrations in group C. However, a significant reduction in its mean concentration was observed in group E. Moreover, the intergroup difference was statistically significant. In both groups, a significant increase in the mean value of SDS-BMI was noted, with a slightly higher value in group E. However, the intergroup difference was not statistically significant (Table 4) . No changes were reported as regards the frequency of excessive body weight and respective intergroup differences ( Table 5) .
A significant reduction in the mean values of SDS-SBP and SDS-DBP was reported for both groups. However, the intergroup differences were not significant (Table 4 ). Furthermore, a significant improvement was noted for the occurrence of hypertension in both groups. However, the intergroup difference was not statistically significant ( Table 5 ).
Changes from Baseline to 6 Months
During the third stage of the study, we assessed changes compared to baseline values and differences between groups as regards HbA1c concentrations, values of BMI, WHtR and blood pressure, daily CE value and insulin dose, scores referring to knowledge about nutrition and indices of diet quality.
Changes Regarding Clinical Parameters
No significant changes or differences were reported for HbA1c concentrations in both groups.
A significant increase in the mean value of SDS-BMI and reduction in the mean values of SDS-SBP and SDS-DBP were noted in group C. In group E, we found a significant increase in the mean values of SDS-BMI, WHtR and insulin dose (U/kg BW/d). A significant reduction in the mean values of SDS-SBP, SDS-DBP and CE value (CE/kg BW/d) was also noted. However, changes concerning the discussed variables did not significantly differ between study groups (Table 6 ). 
Assessed for eligibility
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Both in group C and in group E, a significant improvement was observed as regards the occurrence of hypertension, but the intergroup difference was not statistically significant. Moreover, the percentage of overweight or obese patients significantly increased in group C, which was not observed in group E. However, the intergroup difference was not statistically significant in this matter (Table 7) .
It needs to be emphasized that despite a significant disproportion in the structure of sex in both groups, additional multivariate analysis of variance (MANOVA) showed no correlation between the sex and the group which would significantly influence the differences described above.
Changes Regarding Knowledge About Nutrition and the Quality of Diet
Both groups were characterized by a significant improvement of the total NKS score and the sections: "Healthful eating" and "Carbohydrate counting". Furthermore, a significant improvement of results in the "Nutrition label reading" section was observed in group E. However, the described changes did not significantly differ between groups.
A significant difference between groups was only noted in the scoring for the "Blood glucose response to food" section. In both groups, a significant improvement was obtained as regards the obtained number of points with better results noted in group E.
The analysis of results concerning the quality of the diet showed no significant changes except a marked reduction in the index of healthy diet in group C. However, the intergroup difference was not statistically significant in this matter (Table 8 ).
Discussion
The authors of the present study attempted to verify the effectiveness of two different methods of nutrition education and compare their influence on selected clinical parameters, knowledge about nutrition and the quality of the diet in patients with type 1 diabetes. To the best of our knowledge, it is the first study aiming to compare the effectiveness of various educational interventions in a group of children and adolescents suffering from type 1 diabetes and treated with the use of insulin pumps. Study participants were randomly assigned to two groups: the control group (C) in which informative education methods (a lecture) were used and the experimental group (E) in which interactive methods (quiz and multimedia application) were additionally applied. It needs to be emphasized that both groups were characterized by poor diabetes control, as baseline mean HbA1c concentrations exceeded 7.0% both in groups C and E. 9 The analysis of changes concerning clinical parameters after 3 months since the intervention revealed a significant improvement regarding HbA1c concentration in group E. After 6 months, the change of HbA1c was no longer significant. However, an improvement compared to baseline values was still observed. The reason for the regress of the positive effect may be associated with the increasing trouble with daily self-control concerning insulin administration, glycemia monitoring and carbohydrate consumption. Notably, the average duration of the disease did not exceed 5 years in study participants. No improvement was noted as regards the concentration of HbA1c in the control group during any stage of the study. However, it is worth noting that prior to initiating the education, group E had been characterized by significantly higher HbA1c concentrations than group C, which might contribute to easier control of the disease. Conversely, it may have caused more problems with establishing cooperation with the patient.
Different results were reported by Bowen et al who conducted a study in 150 adults suffering from type 2 diabetes and compared the effectiveness of two methods of nutrition DovePress education against the control group of generally healthy individuals. A significant reduction in HbA1c was observed in all groups of patients 3 months after the intervention. However, after 6 months, the positive effect did not continue only in the case of the control group. 19 As a comparison, in Kids in Control of Food (KICk-OFF) study conducted in a group of 396 children and adolescents with type 1 diabetes, the researchers assessed the effectiveness of a 5-day educational course compared to a customary training. Interestingly, no significant changes regarding HbA1c were noted in study participants after 6, 12 and 24 months following the intervention. 20 A significant increase in the mean SDS-BMI was observed in both groups after 3 months. Moreover, this unfavorable change also sustained after 6 months. Intergroup differences were not statistically significant. Notably, a significant increase in the average insulin dose (U/kg BW/d) was noted after 6 months in both groups. However, only in group E, this change was statistically significant. The occurrence of overweight and obesity has substantially increased over the past 30 years in children, also in those suffering from type 1 diabetes. Seemingly, the age, being a female, disease duration and the onset of the disease after puberty constitute independent risk factors of body weight increase in this group of patients. 21 It was corroborated by the results obtained by Marigliano et al who conducted a study in a group of 25 children and adolescents with type 1 diabetes treated with the use of insulin pumps in whom a special method of nutrition education was implemented. After 18 months, despite a significant improvement in HbA1c concentrations, a significant increase in mean body weight, height and z-score BMI was observed. 22 It is also worth noting that a strong correlation was present between introducing insulin treatment and an increase in body weight in individuals suffering from type 1 diabetes. 23 After 3 months, in spite of increased SDS-BMI, a significant reduction in the mean SDS-SBP and SDS-DBP was reported in both groups. A positive effect was also present after 6 months. Moreover, the development of hypertension was significantly less common in both groups after 3 and 6 months. However, differences in the improvement of those intergroup parameters were not statistically significant. Seemingly, such a situation may be due to more extensive knowledge about nutrition, especially as regards the rules of proper nutrition comprising the limitation of the consumption of table salt and highly processed products. Nevertheless, despite the lack of statistical significance, a reduction in the index of unhealthy diet, which reflected the consumption of such products as salty snacks, fast-foods and meat products, was noted in both groups after 6 months. Slightly different results were reported by Velázquez-López et al who conducted a study in 351 adults suffering from type 2 diabetes. They compared the effectiveness of traditional nutrition therapy and a special educational program which implemented multimedia tools (interventional group). Seven months later, a significant improvement was observed for mean DBP, while SBP-related changes were not statistically significant in both groups. Interestingly, after 21 months, the researchers still observed a positive effect concerning DBP values. Additionally, they reported a marked reduction in mean SBP only in the interventional group. 24 The analysis of changes concerning nutritional knowledge after 6 months following the intervention showed a significant improvement in both groups regarding the following scores: total NKS, "Healthful eating" section, "Blood glucose response to food" and "Carbohydrate counting" sections. Intergroup differences regarding the obtained results were statistically significant only in the "Blood glucose response to food" section. Additionally, an improvement was noted in group E as regards "Nutrition label reading" which seems to be particularly important in the context of appropriate CE calculations. It is worth emphasizing that a marked reduction in the consumed CE value (CE/kg BW/ d) was also observed in group E after 6 months. However, expanding the knowledge about nutrition did not contribute to improving the quality of the diet in both groups. Moreover, a significant decrease in the index of healthy diet was reported in group C. As a comparison, Breen et al conducted a study in a group of 118 adults diagnosed with type 2 diabetes. They observed that patients with more extensive knowledge about nutrition were characterized by a significantly higher consumption of fruit and vegetables and a lower glycemic index of the diet. However, simultaneously, the same group of subjects consumed significantly higher amounts of simple carbohydrates (also those which were not found in milk). 25 It confirms our observations that the level of knowledge about nutrition does not always translate into the quality of diet.
The present results are not free from limitations. Primarily, the randomization method used in the study did not allow for proper selection of the control group. As a result, significant differences in the baseline characteristics between the groups may have a potential impact on the results obtained and the reliability of inference. Second, a relatively large number of patients "lost to follow-up" also constitutes a certain limitation in the interpretation of our results. It is worth emphasizing that longitudinal studies conducted among children are very demanding and it is extremely difficult to avoid "lost to follow-up". It should also be noted that the loss of 20% of participants, with an equal loss of both groups, should not have a significant impact on the reliability of inference. In addition, we used the present authors' tools (questionnaires, "true-false" quiz) and methods of nutrition education which were adjusted to the needs of a specific group of patients. Therefore, the results should not be generalized in patients at a different age or treated with a different method. Furthermore, the duration of the study, which was limited to 6 months, might be too short to assess long-term changes resulting from the intervention. Finally, we may not exclude the influence of additional factors, such as parents' education, duration of the disease, intelligence quotient, the level of motivation or individual predisposition for learning in the patients.
Conclusions
To conclude, the obtained results indicate a comparable effect of informative and interactive methods of nutrition education on the occurrence of overweight and obesity, hypertension and the level of knowledge about nutrition and the quality of diet in patients with poorly controlled diabetes. However, based on the obtained results, it may also be stated that informative methods were considerably less effective as regards the improvement in HbA1c concentrations. Therefore, it seems that the implementation of interactive nutrition education is more beneficial provided that the frequency of training is intensified in order to sustain long-term effects.
As a recommendation to improve the efficiency of nutritional education of children and adolescents with type 1 diabetes, it should be emphasized that training must be regularly repeated so that education is a continuous process.
In addition, education methods should be individually tailored to the patient's needs. Factors such as age, motivation, existing knowledge and cognitive skills should also be considered. 
Data Sharing Statement
The data that support the findings of this study are openly available in "Zenodo" at http://doi.org/10.5281/zenodo. 3519773.
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